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reflector (14) extending therefrom, the reflector (14) defining a reflective surface (16) having optical power, an ultrasonic transducer (18) 
producing a beam (22) which is directed onto the reflective surface (16) and providing a signal output from ultrasonic energy reflected 
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WO 99/44757 PCT/1L99/00117 

ULTRASONIC TRANSDUCER 
FIELD OF THE INVENTION 
The present invention relates to ultrasonic transducers generally. 
BACKGROUND OF THE INVENTION 
5 Various types of ultrasonic or acoustic transducers are known in the art. (It is 

noted that the terms ultrasonic transducer and acoustic transducer shall be used 
interchangeably herein throughout the specification and claims.) The following U.S. Patents 
are believed to represent the state of the art: 5,103,129 to Slayton et al., 5,094,108 to Kim et 
al., 5,054,470 to Fry et al., 4,959,674 to Khri-Yakub et al., 4,912,357 to Drews et al., 
10 4,888,516 to Daeges et al., 4,869,278 to Bran, 4,825,1 16 to Ito et al., 4,659,956 to Trzaskos 
et al., 4,528,853 to Lerch et al., and 4,208,661 to Vokurka. 

Acoustic transducers are characterized inter alia by an angle of dispersion, and 
the ability to vary this angle is of major concern in transducer design. There are three major 
approaches in the prior art to vary the angle of dispersion: 
15 1 . Modification of transducer frequency 

2. Modification of transducer size 

3 . Use of a horn to limit the angle of dispersion 

Each of these approaches has its advantages and disadvantages, and the 
transducer designer generally selects a solution which best fits his/her requirements. 

20 SUMMARY OF THE INVENTION 

The present invention seeks to provide an improved ultrasonic transducer which 
provides a compact and inexpensive solution to the problem of varying the angle of dispersion. 
The present invention provides an ultrasonic transducer in off-axis relationship with a reflective 
surface, which surface is preferably paraboloidal. The ultrasonic transducer directs a beam onto 

25 the reflective surface, which beam is reflected therefrom to the outside world. If the beam is 
reflected from an object in the outside world back to the reflective surface, the reflective 
surface focuses the returned ultrasonic energy onto the transducer, thereby causing the 
transducer to provide a signal output in accordance with the reflected energy. A stray energy 
shield is mounted on the ultrasonic transducer for limiting the angular range of ultrasonic 

30 energy which impinges on the transducer. 

It is noted that US Patents 3,792,480 to Graham and 4,791,430 to Mills both 
describe ultrasonic antennas with the source of ultrasonic energy off-axis to the reflective 
surface. However, both of these references are not concerned with transducers and indeed the 
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structures shown in both of these references are not readily applicable for reflecting ultrasonic 
energy from the reflective surface back to a transducer for providing a signal output, as is of 
course essential in ultrasonic transducer design. It is the present invention which provides a 
novel arrangement of off-axis transducer and stray energy shield in order to achieve a compact 

5 and inexpensive transducer design with remarkably accurate and reliable performance. This 
novel arrangement is not taught nor suggested by any of the above cited art. 

There is thus provided in accordance with a preferred embodiment of the 
present invention an ultrasonic transmitting and receiving transducer reflector assembly 
including an ultrasonic transducer support and a reflector extending therefrom, the reflector 

10 defining a reflective surface having optical power, an ultrasonic transducer producing a beam 
which is directed onto the reflective surface and providing a signal output from ultrasonic 
energy reflected thereonto from the reflective surface, the transducer being mounted on a 
mounting surface of the support in off-axis relationship with the reflective surface, and a stray 
energy shield at least partially enveloping the ultrasonic transducer for limiting the angular 

15 range of ultrasonic energy which impinges on the ultrasonic transducer. 

In accordance with a preferred embodiment of the present invention the 
ultrasonic transducer support and the reflector are integrally formed as one piece. Alternatively 
the ultrasonic transducer support, the reflector and the stray energy shield are together 
integrally formed as one piece. As another alternative, the ultrasonic transducer support, the 

20 reflector and the stray energy shield are together integrally formed as one piece with a housing 
of the transducer. 

Further in accordance with a preferred embodiment of the present invention the 
ultrasonic transducer is selectably locatable within the stray energy shield. 

Still further in accordance with a preferred embodiment of the present invention 
25 a distance of the ultrasonic transducer relative to the reflective surface determines a shape of a 
beam emanating from the transducer and reflected by the reflective surface. 

In accordance with a preferred embodiment of the present invention the 
ultrasonic transducer is located at a focus of the reflecting surface. Alternatively the ultrasonic 
transducer may be located inwardly or outwardly of a focus of the reflecting surface. 
30 Further in accordance with a preferred embodiment of the present invention the 

ultrasonic transducer is threadably mounted within the stray energy shield. 

In accordance with a preferred embodiment of the present invention the 

reflecting surface is a paraboloid. 
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Additionally in accordance with a preferred embodiment of the present 
invention the ultrasonic transducer and the stray energy shield are pivotally connected to the 
support, such that an angle of incidence of a beam reflected from the reflecting surface with 

respect to the transducer is variable. 
5 There is also provided in accordance with a preferred embodiment of the 

invention an integral ultrasonic transmitting and receiving transducer assembly comprising an 
ultrasonic transducer producing a beam and a multiple beam path horn assembly operatively 
associated with said ultrasonic transducer and directing said beam along at least two distinct 
paths. 

10 in accordance with one embodiment of the present invention, the two distinct 

paths are at least partially overlapping. Alternatively, the two distinct paths are not 
overlapping. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 The present invention will be understood and appreciated more fully from the 

following detailed description, taken in conjunction with the drawings in which: 

Fig. 1 is a simplified pictorial illustration of an ultrasonic transmitting and 
receiving transducer reflector assembly constructed and operative in accordance with a 

preferred embodiment of the present invention; 
20 pig. 2 is a simplified pictorial illustration of an ultrasonic transmitting and 

receiving transducer reflector assembly constructed and operative in accordance with another 
preferred embodiment of the present invention, wherein an ultrasonic transducer is selectably 

locatable within a stray energy shield; 

Figs. 3 and 4 are simplified pictorial illustrations of moving the transducer 

25 closer to and further from, respectively, a reflective surface of the assembly of Fig. 2, whereby 
a beam reflected from the reflective surface is caused to be diverging and converging, 
respectively; 

Fig. 5 is a simplified side view illustration of an ultrasonic transmitting and 
receiving transducer reflector assembly, wherein an angle of incidence of a beam reflected from 
30 the reflecting surface with respect to the transducer is variable, in accordance with yet another 
preferred embodiment of the present invention; 
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Fig. 6 is a simplified pictorial illustration of an ultrasonic transmitting and 
receiving transducer reflector assembly constructed and operative in accordance with another 
preferred embodiment of the present invention; and 

Fig. 7 is a simplified pictorial illustration of an ultrasonic transmitting and 
receiving transducer reflector assembly constructed and operative in accordance with yet 
another preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
Reference is now made to Fig. 1 which illustrates an ultrasonic transmitting and 
receiving transducer reflector assembly 10 constructed and operative in accordance with a 
preferred embodiment of the present invention. Assembly 10 includes an ultrasonic transducer 
support 12 and a reflector 14 extending therefrom. Reflector 14 defines a reflective surface 16 
having optical power, most preferably a paraboloidal surface. 

An ultrasonic transducer 18 is mounted on a mounting surface 20 of support 12 
in off-axis relationship with reflective surface 16. Transducer 18 produces a beam 22 which is 
directed onto reflective surface 16. Transducer 18 also provides a signal output from ultrasonic 
energy reflected thereonto from reflective surface 16. Transducer 18 preferably comprises a 
housing 18A and leads 18B. A preferred embodiment of transducer 18 is a Model 250ST/R160 

manufactured by Prowave of Taiwan. 

A stray energy shield 24 at least partially envelopes transducer 18 for limiting 
the angular range, i.e., solid angle, of ultrasonic energy which impinges on transducer 18. 

In accordance with one preferred embodiment of the present invention, support 
12 and reflector 16 are integrally formed as one piece, such as by molding. Alternatively, 
support 12, reflector 16 and stray energy shield 24 may be integrally formed together as one 
piece. As another alternative, support 12, reflector 16 and stray energy shield 24 may be 
integrally formed together as one piece with housing 18 A. Of course, support 12, reflector 16 
and stray energy shield 24 may all be formed separately as well. 

Reference is now made to Fig. 2 which illustrates an ultrasonic transmitting and 
receiving transducer reflector assembly 30 constructed and operative in accordance with 
another preferred embodiment of the present invention. Assembly 30 is preferably substantially 
similar to assembly 10, with like elements being designated by like numerals. Assembly 30 
differs from assembly 10 in that transducer 18 is selectably locatable within stray energy shield 
24. Transducer 1 8 may be mounted for sliding motion inside shield 24 in a variety of manners. 
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For example, transducer 18 may be threadably mounted within shield 24, and moved therein by 
means of a step motor (not shown). Other types of actuators may alternatively be employed to 
move transducer 18 within shield 24. Of course, additionally or alternatively, shield 24 may be 

moved by a suitable actuator. 

5 Movement of transducer 18 with respect to reflective surface 16 determines a 

shape of a beam 32 emanating from transducer 18 and reflected by reflective surface 16. For 
example, in Figs. 1 and 2, transducer 18 is located at a focus R of reflecting surface 16 and 
reflected beam 32 is generally cylindrical in shape, i.e., not converging or diverging. 

Reference is now made to Fig. 3 which illustrates moving transducer 18 closer 

10 to reflective surface 16 by a distance AR Since transducer 1 8 is located inwardly of focus R, 
beam 32 reflected from reflective surface 16 is caused to be diverging. 

Reference is now made to Fig. 4 which illustrates moving transducer 18 further 
from reflective surface 16 by a distance AR. Since transducer 18 is located outwardly of focus 
R beam 32 reflected from reflective surface 16 is caused to be converging. 

15 Reference is now made to Fig. 5 which illustrates an ultrasonic transmitting and 

receiving transducer reflector assembly 40 constructed and operative in accordance with yet 
another preferred embodiment of the present invention. Assembly 40 is preferably substantially 
similar to assemblies 10 or 30, with like elements being designated by like numerals. Assembly 
40 differs from assemblies 10 and 30 in that transducer 18 and shield 24 are mounted on a base 

20 42 which is pivotally connected to support 12 at a pivot 44. An actuator 46 is operative to 
swing support 12, together with reflector 14, about pivot 44, as indicated generally by an 
arrow 48. With the foregoing structure, an angle of incidence of a beam reflected from 
reflecting surface 16 with respect to transducer 18 is variable. In such a structure, reflective 
surface 16 of reflector 14 is cylindrical, for example. 

25 Reference is now made to Fig. 6, which is a simplified pictorial illustration of an 

ultrasonic transmitting and receiving transducer reflector assembly constructed and operative in 
accordance with another preferred embodiment of the present invention. The assembly 
comprises a housing 50 enclosing a transducer 51, such as a piezoelectric device, which 
communicates with at least first and second horns 52 and 54. A preferred embodiment of 

30 transducer 5 1 is a Model 250ST/R1 60 manufactured by Prowave of Taiwan. Horns 52 and 54 
are preferably directed in various different directions both for transmitting and receiving 
ultrasonic energy. 
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The assembly of Fig. 6 may be used in a stand-alone manner or in combination 
with external reflectors, such as in the embodiments of any of Figs 1 - 5, wherein a separate 
reflector is employed in association with each horn. 

Reference is now made to Fig. 7, which is a simplified pictorial illustration of an 
5 ultrasonic transmitting and receiving transducer reflector assembly constructed and operative in 
accordance with a preferred embodiment of the present invention. In this embodiment a 
transducer 60, which may be identical to transducer 5 1 , provides an output beam in an off-axis 
arrangement to at least two mirrors 62, thereby producing beams directed into at least two 
different directions. Although mirrors 62 are shown to be generally flat, it is appreciated that 
10 one or more mirrors 62 may be curved and/or may be associated with other optical elements 
having optical power. It is also appreciated that the mirrors 62 may differ from each other in 
their orientation, curvature or other characteristics. 

It is appreciated that the embodiments of Figs. 6 and 7 provide an integral 
ultrasonic transmitting and receiving transducer assembly comprising an ultrasonic transducer 
15 producing a beam and a multiple beam path horn assembly operatively associated with said 
ultrasonic transducer and directing said beam along at least two distinct paths. 

In accordance with one embodiment of the present invention, the two distinct 
paths are at least partially overlapping. Alternatively, the two distinct paths are not 
overlapping. 

20 ' ft will be appreciated by persons skilled in the art that the present invention is 

not limited by what has been particularly shown and described hereinabove. Rather the scope 
of the present invention includes both combinations and subcombinations of the features 
described hereinabove as well as modifications and variations thereof which would occur to a 
person of skill in the art upon reading the foregoing description and which are not in the prior 

25 art. 
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CLAIMS 

What is claimed is: 

1. An ultrasonic transmitting and receiving transducer reflector assembly (10) 
comprising: 

an ultrasonic transducer support (12) and a reflector (14) extending therefrom, 
the reflector (14) denning a reflective surface (16) having optical power; 

characterized by an ultrasonic transducer (18) producing a beam (22) which is 
directed onto said reflective surface (16) and providing a signal output from ultrasonic energy 
reflected thereonto from said reflective surface (16), said transducer (18) being mounted on a 
mounting surface of said support in off-axis relationship with said reflective surface (16), and 

a stray energy shield (24) at least partially enveloping said ultrasonic transducer 
(18) for limiting the angular range of ultrasonic energy which impinges on said ultrasonic 
transducer (18). 

2. The assembly (10) according to claim 1 wherein said ultrasonic transducer 
support (12) and said reflector (14) are integrally formed as one piece. 

3. The assembly (10) according to claim 1 wherein said ultrasonic transducer 
support (12), said reflector (14) and said stray energy shield (24) are together integrally formed 
as one piece. 

4. The assembly (10) according to claim 1 wherein said ultrasonic transducer 
support (12), said reflector (14) and said stray energy shield (24) are together integrally formed 
as one piece with a housing (1 8 A) of said transducer (18). 

5 The assembly (30) according to claim 1 wherein said ultrasonic transducer ( 1 8) 

is selectably locatable within said stray energy shield (24). 

6. The assembly (30) according to claim 5 wherein a distance of said ultrasonic 
transducer (18) relative to said reflective surface (16) determines a shape of a beam (22) 
emanating from said transducer ( 1 8) and reflected by said reflective surface (16). 

7. The assembly (30) according to claim 1 wherein said ultrasonic transducer (18) 
is located at a focus of said reflective surface (16). 

8. The assembly (30) according to claim 1 wherein said ultrasonic transducer ( 1 8) 
is located inwardly of a focus of said reflective surface (16). 

9. The assembly (30) according to claim 1 wherein said ultrasonic transducer (18) 
is located outwardly of a focus of said reflective surface (16). 
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10. The assembly (30) according to claim 5 and wherein said ultrasonic transducer 
(18) is threadably mounted within said stray energy shield (24). 

11. The assembly ( 1 0) according to claim 1 wherein said reflective surfece ( 1 6) is a 
paraboloid. 

5 12. The assembly (40) according to claim 1 wherein said ultrasonic transducer (18) 

and said stray energy shield (24) are pivotaUy connected to said support (12), such that an 
angle of incidence of a beam (22) reflected from said reflective surface (16) with respect to 
said transducer (18) is variable. 

j 3 The assembly according to claim 1 wherein said stray energy shield (24) 

10 comprises a multiple beam path horn assembly (62) operatively associated with said ultrasonic 
transducer (18) and directing said beam (22) along at least two distinct paths. 

14. The assembly of claim 13 wherein said two distinct paths are at least partially 

overlapping. 

15. The assembly of claim 13 wherein said two distinct paths are not overlapping. 

15 16 An integral ultrasonic transmitting and receiving transducer assembly 

comprising an ultrasonic transducer (18) producing a beam (22) and a multiple beam path horn 
assembly (62) operatively associated with said ultrasonic transducer (18) and directing said 
beam (22) along at least two distinct paths. 

17. The assembly of claim 16 wherein said two distinct paths are at least partially 
20 overlapping. 

18. The assembly of claim 1 7 wherein said two distinct paths are not overlapping. 



WO 99/44757 PCT/1L99/00117 



1/7 



WO 99/44757 



PCT/IL99/00117 





A 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/IL99/00117 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :IPC(6): B06B 1/06, 3/04 
US CL : 310/322,334 

According to International Patent Classification (IPC) or to both national classification and IPC 



a FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 310/322,334 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
U.S. PTO APS 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Y,P 



Citation of document, with indication, where appropriate, of the relevant passages 



US 4,779,241 A (ATALAR et al) 18 October 1988 (18/10/88), Fig. 



1. 



US 4,457,176 A (SCHOLZ) 03 July 1984 (03/07/84), column 4, 
lines 49-53. 

US 3,964,014 A (TEHON) 15 June 1976 (15/06/76), Fig. 1. 

US 5,029,480 A (KIBBLEWHITE) 09 July 1991 (09/07/91), figure 
2. 

US 5,596,989 A (MORITA) 28 January 1997 (28/01/97), Figs. 1 
and 2. 



Relevant to claim No. 



1-9, 10-12 



1-9, 10-12 



1-18 



10 



1-18 



[ | Further documents are listed in the continuation of Box C. Q See patent family annex. 



•a* 



•1/ 

•o* 
. p . 



Special categories of cited documents: 

document defining the general state of die an which is not considered 
to be of particular relevance 

earlier document published on or after the international filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication dale of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use. exhibition or other 
means 

document published prior to the intemauonal filing date but later than 
the priority date claimed 



•Y' 



later document published after die international filing date or priority 
date and not in conflict with die application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more odicr such documents, such combination 
being obvious to a person skilled in ihe art 

document member of the same patent family 



Date of the actual completion of the international search 

03 JUNE 1999 

Name and mailing address of the ISA/US 
Commissioner of~Patents and Trademarks 
Bon PCT 

Washington. D.C. 20231 
Facsimile No. i703) 305-3230 



Date of mailing of the international search report 

2 0 JUL 1899 

Authorized officer 

THOMAS M. DOUGHERTY' 
Telephone No. (703) 303-1628 



GO 



> 

5 



O 
O 



Form PCT/ISA/210 (scconJ shccUfJuly 1992)* 



